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Since very early times mean has worn clething to 
protect him from extremes in temporature, in the cold 
Climetes skins of snimele were used, while in the tropics 
such fibers es cotton eni flex were woven inte fabrics, 
Although it has always been known thet different fabrics 
and fibers were warmer or colder when used as garments, it 
was not until 1890 that actue] study of the thermal trens- 
mission of weerlng apparel wae undertaken to any greet 
extent. Since this time many epperetuses for the measure+ 
mont of thermal transmission or insuletion have been 
developed, tome of these followed clossiy cevices sirsady 
in use for the measurement of the thermal trenemission of 
meteala or other solids, ‘The types that have been used in 
the study of textiles mey be divided into thres greupss 
(1) two plate methed as exemplified by the M.I.T, Heat 
Transmission Apperetus*; (2) cooling method as used by 
Priestman in 19813 and (3) constent tempereture method, 
the best example of which is the apperatus at the National 
Buresu of Standerés®, This last type would appear to be 

Te tayon vextile Menthiy, Sept.-Oet. 1940 _ 
@ Re S. Clevelend, An Improved Apperstus For Measuring 


Tre Thermal Tranamiesion Of Textiles, NES Volel%, 
Nee OG» Dece 1937 
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the one in most generel use today. It is the mathod used 
by #11 the cooperating labcratories in the investigation 
conducted by the American Society for Testing Neterials to 
Getermine a standard test for evaluetion of the thermel - 


tranamiseion scherecteristics of textile fabries*, 


The apparetus to be deseribed is en adaptation of 
the constant temperature, flat plate mothed and is similer 
in principle to the Netional Bureeu of Stendercs machine 
developed by Clevelend, Several new ideas have been 
ineerporeted which tend to give simplicity of testing 
without any loss of acourseye Any desired temperature 
difference between the hot plete and testing chember is 
automaticelly meinteined by means of photoelectric tubes 
end emplifiers. 


i.e GO, tinston & S, Baker, Meesurement of The Thermal 
Trenemission of Textile Febrics, ASTM Bul, Ne. 162, 
Dec, 1949 
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PURPORE 


The purpose of this thesis is: (1) te complete 
the design end construction of oan apperstuse for measuring 
the thermal tranamiseion of textile fabrics; (2) to 
calibrate the apperatue so thet any desired temperature | 


difference between the het plate and cold junction may be 
set on the diel and sutometicslly meinteined; end (%) to 
conduct tests to determine the accuracy and reproducibility 
of results. 
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Conduction, convection, and rediation are the 
three main processes by which heat is transferred from 


one region to another. Conduction is the transfer of heat 
by direct contact between two bodies or ection between 
molecules within a bedy, In the case of fabrics the heat 


energy passes by contect first from the heet source to 
the fibers in contact with it end then fran fiber to fiber 
- until it pesses completely through the thickness of the 
fabric, There is also seme conduction by the air 
entrapped within the febric, Convection is the transfer 
of heat energy by moons of the mction of matter, It 
refers te motions occurring in liquids and gases and not 
the rendem molecular metions oceurring in all bodies, The 
convection concerned with here is thet of the entrapped 
air within a febric, It will be set in motion by the 
change in density due to the heat frem the heat source and 
the fibers, The amount of rediction is determined by the 
nature of the emitter end ite temperature, it is the 
transfer of heat by radiant energy. All bedies emit and 
absorb radiant energy continuslly, In the case of fabries 
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the radiant energy may be trenamitted through the material 
or conducted heet may be radiated from the surface of the 
fabrics 

in this work no attempt has been made to seperate 
the different motheds of hest transfer, therefore, ail 
three are being measured, The heat source is a flat 
ecopper plate, The fabric ie placed on thie plete and the 
amount of electrics1 energy necessary to keep the plate at 


a conetant temperature is measured, The sir above the 


fabric is also kept et a constant temperature but at some 
level below thet of the copper plate, Thus, the heat 
treneferred by the fabric is equal te the sleetrical 
energy, converted into heat energy, supplied during the 
time of the test. in order thet ell the heset losa from 
the copper plate shall take place through the fabric, the 
gvard-ring principle besa been used, The heat source is 
surrounded by guard unite which ere kept at the same tem 
perature as the contrel plate, and thua prevent heat loss 
either latorally or downwerd. 

futometic contrele heve been inetelled on the 
apperetue in order to shorten the time of each test and 
also to eliminete the constant attention of an operator. 
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The automstic controls necessitate an on ané off supply of 
current to keep the tempereture of the heat source constant 
beceuse the exact continuous current necessary for e« given — 
fabric cannet be predicted before testing and its detere 
minetion would unduly prolong a test. ‘Since nichrome 
heeting colis are used for the apperstus, the current 
supply for the central heating plate is on a high - low 
Basis, That is, instesd of turning off when the piete hes 
reached the desired tempereture, the current is turned to 
@ lower value that is equal to helf the high current. This 
1s done te pertly eliminate the effects of the temperature | 
coefficient of resistence of the nichrome, it alse gives 
lese variation in tempersture and é slower change that 
prevents the tempereture of the central coil fram overe 
shocting or undershecting its mark after the high current 
is either turned on or off by the relayse 

The 6leetriesal input in watts to the central 
plete mey be measured by the 8: methed, the EI methed er 


by using e watt-hour meter to measure energy input. For 

| the purpese of this work, the wattehour meter mey be 
 @liminated because direet current is used and no watt-hour 
| meter is eveilable in the proper volt renge. The rp 
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mothod 1s most satisfactory when the nichrom®=hesting coil 
is at a constant temperature, then no correction for 
temperature has to be made, As teste were conducted with 


the centre] plate temperature renging from 20° Cc. to 45° ¢,, 


this method of measuring the wattage wes not setisfactory. 
The EI method gives the most satisfectory results with the 
leest chance of error. The main source of error in this 
méthod is the variation in voltege supply. This has been 
recguced as far as possible by connseting the central 

plate heeting coll direct te the battery terminals. 

Seme thought must be given te the proper instant 
for starting and stopping a test and the length of time of 
eech test. As the current is on » high « low basis, the 
best overall everage would be obtained by sterting end 
stopping each test at the seme point in a cycle. In créer 
to obtein reguler cycles, the high end low eurrents should 
be so set that they are each on onscehelf the totel time of 
the test. ‘Thie same ressoning holds true for the guard 
units but, as the power input te these heating colis is 
not measured, the one-off current is satisfactory. 
theoretically, the total time of o test may be of any 
desireble duration, However, cue to the cycling of the 
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current supply, the longer the time of the test the better 
ehance of svornging out some of the uncerteinties, During 
any test there will be some moisture driven off from the 

fabric and the heat neceasery te vaporise this moisture is 


méeasuread, Thus, an errer is intredveed here thet will v 
for fabrics of different moisture content, From this 
atendpoint a shert test would be desirable eo thet all 
fabrics would be tested st elogse to their normal moisture 


sontont. 


The coefficient of heat transfer es measured by 
this epperatus is computed in calories/seeond/meter”/degre 
sentigrade, It is the quantity of hest supplied to the 
contrel plate per second divided by the difference in teme 
perature between the copper plate end the test chember and 
the ares of the plate, The elestriasl energy supplied te 
the centre] plete ts measured bys 


Ipkut + IpBy (Tet) 

joules 

high current in mmperce 
Voltege corresponding to Ig 
low current in emperes 


Voltege corresponding te I, 
total time of test 
time high current is on 
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The numerlicel relation between heet end 
mechoniceal energy, which is implied by the first law of 
thermodynemica, was measured by Joule ebout 1945, this 
work showed that one calorie is equivelent to 44186 joules. 
Thus, the heat in calories supplied to the copper plete iss 


® 
a ® Zi86 
The coefficient of heat trensfer is thon 
computed aas 
K ® TEIsey Ts 
* 


& 8 ares of central plate in square meteors 
@ ® temporature difference between contral 
plate and test chamber 
It will be noted that ne mention is made cone 
sorning the linear distance betwoon the two sides of the 
meterial, This is normeliy taken into acoount when 
measuring thermal conductivity of metals. However, as the 
trus effective thickness of febries is indeterminable, 
this value hes not been used, 
The standard formule for thermal conduction iss 


q « KA (ty-te) 


q ® heet transfer 
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k % thermel conductivity 
& 8 cross sectional area 


tyoty © tomporature difference 


This showe thet the heat transfer is inversely proports 
to the thickness of a specimen, In testing good conduce 
tors euch ag metele, this fect holds true but, in 


8 ® &istence between measuring points 


meaguring such things es textiles, other factora enter into 
the picture, Toxtiles are poor conductors due te the air 
entrapped in them, It bas boen found that the heat losa 
through e fabric is greater than through an sequel thicke 
ness of air, sonduotion through the actual fibers being e 
contributing factor’, Rees also pointed out that for 
fabrics of thickness greater then 100 mils, the squivalent 
eir thickness is less then the fabric thickness by about 
£20 per cent et 100 mile febric thickness, end about 40 per 
cent et 400 mile fabric thickness, Tims, one might not 
expect the thermal tranemission of fabrics to be inversely 
prepertional to thickmese. 


is We De Rees, J, Textile Institute, Auge 1941 
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in computing the coefficient of heat transfer 
the formmle used would indleate thet the eetuel tompora- 
ture gradient would have no effect. Actually, this might 
not be true as conduction, sonvecstion and rediation ere 
being measured together, At bigher temperctures the 
Ffadiation ond conveetion effeeta may be much greater than 
the effect of conduction, Under these conditions the 
eoofficiont of heat transfer will tend to increase. 
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AEFARSSUS 


The measuring apperatus end electrical circuits 
eve the geme os deseribed in a previous thesis!, with 
edditions and modifications aa deseribed in the following 
sections, Also see figures 1 and fy 

The central plate heeting coll was disconnected 
from the common 40 velt DC line and « 40 welt IC line run 
direst from the battery room to the centrel plate. This 
was done to eliminate the interference of the three guerd 
unite which eaused the central plate current to vary 
whenever they wore turned on or off, A blenk prong on the 
eix prong plug in the testing chamber was used te connect | 
the central plete with the 40 volt line, 


A @pent deal of trouble wee experienced et the 
stert of the enlivration with the releys failing to 
operate, in order to oliminate this, a series of schenges 
were mede in the amplification circuit, The heeters for 
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the two 6C&S tubes were tekon from the 6 velt DC line and 
connected to a G65 volt AC treneformer, This prevented 
eny change in opereting charneteriaties cus to battery 
failure and made the heaters independont ef the other 
circuits, 

The resistances in the grid circuits of the 60S 


tubes were changed from .5 megohma to 1 megolm: in order to 


increase the grid bings As the grid bies was still low, 
the adjustable Su resistance in this cireuit was removed 
end the connection made direst to the 0 volt lines, A 
voltege civider between the 120 and 0 volt lines wes then 
uged end a 75 ohm adjustable resistence connected to the 
eathodes in order te give the propor grid bias, This 
Climineted the 6 volt DO line to the cathodes. 

In order to meke the systexn more sensitive to 
¢chenges in the spetlight gelvanometer, the photoelectric 
eelis were moved away from the light sbeut onewhalf inch 
ena their ends overlepped, Thus, when the spotlight 
ehanges only a small degree in ite are, it can move from 
the sensitive element of one phetoelectric tube to the 
other. 

The bex containing the gaivenemcter, smplifier 
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ayetem and photoelectric tubes wes supported at each 
oorner from an cverhesd beam by moans of four springs in 
omier to eliminate vibrations reaching the galvanometer. 
All the connections in the amplifying circuit 


end réleye were resoldered te give a good contacts 
The feoliowing equipment was inetslleds 
le Two 5000 obm relays In the shelf coil 
cirenit 
& A 484 ole rheostat in the shelf eoil 
sireuit 
Se 4n ammeter in each guard unit heeting 
cireuit 
4, A relay in the high current clreuit of 
the central plate heating coil te turn 
om eleectrig clock on or off with this 
eurrent 
Se A 1108120 velt 60 cycle sleek 
6, A O«6 ohm rhecstat in the thermoveltege 
cancellation clreult for the centrel 
plate 
The refrigeration unit was overheuled end 
refilled with 50, but it became inoperstive efter only a 
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fow teste were run, ‘Thorefore, the majority of the tests 
were rum with the col4 junction et room tompeorature. An 
attempt wes made to keep this set £19 6, but it wae not 
constent. On warm days the room tempersture wee es high 
es 27° C, 


I zunsly 
SLINIMID WIWLIITZ 


’ 
« 


T 3yn4sis | am 
SALWYWddY JO INIMYYO JILWWIHIS * * Se 


idontisiestion of Figure 12 


Voltmeter moross central plate heating eoil 

femeter in centrel plete heeting coil circuit 

Switeh « 110 volts AQ « for electric clock 

Switeh «= 40 volts DO «+ for guard unit heating coils 
Switeh « 110 volts AC « for synchronous motor 

Switeh «= 110 volte AO « for 6.3 volt transformer 710 
Switeh » 120 volts DG «+ for holding current 

Switeh « 116 wolte AC « for Gf volt transformer 755 
Switeh « 40 volts DG « for central plate heating coil 
Transformer = 110 volts « 6,3 volis « for ere 


ght 
Low current contest in centre] plete heating coll ctireuit 
Kheostet in sontrel plete heating coil circuit 
Switeh for low current in centrel plete hesting eel 


circuit 


Relay in central piste heating soll efreuit for electric 


sLock 
Rheestat in top cuerd ring heeting eoll cirevit 
Rheostat in bottom guerd ring heeting coll circuit 
Rheeastet fn shelf heating ceil clironit 
fumeter in shelf heating coil sireuit 
Anmoter in bettom guard ring heeting eotl circuit 


fometer in top guerd ring heeting coli circuit 


Synehroneus motor « 116 volts AC « 1 RPM 

Switeh for thermovoltege scencellation circuit 

Rotery switeh for thermocourle cirenitese and releye 
Kheostet in thermovoltege cencelletion cireuit 
femperature rheostat in thermevoltase cenceliaticn ciuult 
Rieetric clock for high current in centre] plate beating 


coil cliroult 
Relays in shelf nesting eoil cireult 
Feleys in bottom cverd ring hesting coil airevit 
Releys in top guerd ring heating coil cireuit 
Feleys in central plete heating soll cireult 
Eettery ~ 145 volts «= in thermroveltege cancellation 

eireuit 

fesistor + 1000. + in eatheds circuit of 665 tubes 
Transformer « 110 volts « @.2 volte « for heating 


cireults of 6cs tubes 
Spotlight galvanometer 
fiesistor « 75 co. Yerteble «- in cathecde cirenit of 60S 


tubes 
Photoelectric tubes = Gitron 1¢ 
fmplifier tubes « 665 
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& sensitive thermometer wes placed on the central 
piete and the bulb was covered with putty, As the early 
stages of the celibration were accomplished while the 
gompressor wes still operating, the testing osbinet was 
brought to 4° ¢, and the coils turned on and allowed to 
heat to the desired temperaturs., See page ey for operating 
instructions, ‘the 10000 om resister in the central plete 
heating coll circuit was set am that the thermoveltage 
eancellation current was O.k milliempere, ‘This current 
was such thet the O-6 ohm regulator could be salibrated in 
Gifferenees of temperature between the hot plate and cold 
junction ranging from 15° 6, to 40° GC, 

The initial calibration showed a variation of 
+ 1° G, for any pearticuler setting of the temperature 
rheostat, thet is, the temporature difference would be 
1° 6, over the setting before the heating «011 would be 
turned off end 1° G, below the setting before the heating 


@o11 ceme on ageing in order to make the apparatus more 
seusitive te texspereture changes, the photoelectric tubes 
were moved away from the gelvanometer lamp locating them at 
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@ greater radius from the mirror, Thus, the same tempeorse 
tupe change now would cause the light to move farther 
aeross the photoelectric tubes. The ends of the tubes were 


overlapped to cut down the dead space betwoon tham, The 
light now moves from the cathode of one tube to the 
eatheds of the other without eny intervening space, With 
these changee made, the tempersture setting was much more 
sonaitive, The groetest variation now amounts to + 6-2 Cy 
With the testing box kept at a constant temperature, the 
present galvenometer should be accurate enough for normal 
testing. Howaver, If at s later date it is found a more 
acourete temperature control ile necessary, a more sensitive 
galvenometer could be used with the present cireulta. 
Throughout the calibration of the oentral plate 
the teupersture of the top guerd unit wee also noted, This 
ateyed within 1° 6, of the central plate, It was alwaya 
alightly lower due te the difference in loeation of the 


thermometer and the thermocouple leads, Ue attempt was 
made to measure the actual tomperature of the bottam guard 
unit ov shelf coll as these were enclosed in the boxe 

The settings above 20° showld be cheeked agein 
#9 soon ac tho testing chamber cen be brought clese to 
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the error will be even less then 0.1%. 


4° GC, These settings heve not been recelibrated since the 

refinements were made, The temperature of the central 
plate should not be raised above 45° C, making the 20° 
setting the maximum possible when the testing chamber 1a at| 
room temperature. However, the 26, 50, 35 and 40 degree 


settings are close to the corresponding sesle division and 
should only heve to be changed slightly, if et #11, It is 
Gosireadlie to do all the calibrating with the thermovoltege 


cancellation current et 6,2 milliempere so that the use of 
only one scale will be nesessary for e change in tempera- 
ture, Table I shows # series of reedings teken at beth the 
15 and 20 degree settings. These readings were at & minute 
intervals ané shew that the eversge for an hovr is in error 
less then 6.2% of the desired temperature difference. 


These readings were teken with the testing box at room tem- 
perature, It will be noted thet the room tempereture veriadl 
during the time the resulta were teken, Without this 

Variation in testing box temperature, there is a possibility 
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The test samples were out in 12-inch squares in 
order to sover the central plete and tep cuerd ring unit 
with e smell ellowance outside the guerd unit. Table It 
gives a description of the fabrics used slong with 
necessary details, such as weight, thickness, and pere 
meability. In conducting « test, the specimen wes placed 
on the centrel piste in « smooth, flet condition, without 
tension, The identification tag was always plesed in the 
lower right hand corner of the testing box. The apperatus 
wes turned on as Gescribed in the Operating Instructions. 
Yor the first hour the central plate heating coll rhecstat 


was set at 0.7 ampere and each of the gueré unit rhecstets 
set at 1.0 empere in order to heet the eappsratus quickly. 
After sbout one hour, the unite sterted turning off, and 
the desired testing currents were set--see Table iil, 

This table should be used te obtain approximete high end 
low currents, The object is to aslect these currents so 
thet the high current will be on arproximetecly half the 
totel time of the test. When the galvenometer remained in 
eppreximetely the centrel pesition for « complete cycle of 
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the retery switch, the apperetus hed reached equilibrium 
and the test was begun, The stert was either at the begin- 
ning or end of « high current cycle for the central plete 
heating coll. In order to best average the test, the 


stopping point was also st the seme part of the high cur- 
rent cycle, It was found to be simpler te heave the 
electric clock set eat oxactly 12-00-00 and to start the 
test when the high current turned on. The totel time of 


the test was measured by a wrist watch with a sweep second 


hand, The only resdings necessery for a test are the time 
of starting and stopping, the time the high current is on, 
the temperature rheostet, and the high end low currents of 
the central plete heating coll, For most fabrics, a totel 
time of 3 hours 12 setisfactory for a single test. The 
eoetficient of heat tranefer is computed as shown on 


PAG oo Using Tables IV and V. 
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QEERATING INSTRUCTIONS 


fee thet battery recom voltmeter resda at least 120 
Volts with 155 volts preferred, 

Turn on trickle cherge for betteries, 

, Turn on refrigerator. 

Plug in four leads to teet eontrol board. 

Set thermocouple compensating current at O42 milifie 
ampere. 

Set tempersture rheostat at desired differential. 
Turn on switehes 4, 5, 6, 7, 8, and 9. 

Place specimen on centrel plate without tension end 
in a smooth condition. 

Set eentrel plate current at 0.7 empere and guerd units 
at 1.0 ampere each, 

» When ell heating oolis are up to temperature, set 
currents to those desired fer test. 

®hen spotlight remains in approximately the centrel 
pesition for @ complete cycle of the rotery switch, 
the epperatus is ready to commence a test. 

Start test by turning on switch 5, observing time the 
high current to central plate turns on, and observing 
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electric clock reading. 

1S. Run test for desired length of time, ‘Stop by 
observing time high current te sentral plate turns on 
and electric Clock readings 

14, Calowlate cooffictent of heat trensfer as shown in 
the sample caleuletion on page 29, 
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Symbol Guentity Units 
K «6 « » coefficient of heet transfer . . cal/sec/m*/% 
ip « « » high current to central plate. , amperes 
I; + « » low current to centrel plate « « amperes 
Ey + + » Voltage corresponding to Iy+ « « volts 
Ey, « » « Voltsge corresponding to IL. « .« Volts 
t « « » time Ty ie on during test . . . seconds 
T . « »« time of duretion of test . .. . seconds 
A» « » apes of central plate ... + . moters* 
OS «se tempereture gereciont * 6 6 © © @ og 

4,186 ,. » number of Joules in 1 cnlorie . 


Eebrie if 
Temperature rheostet » « « 2 © + # @ 20° 6 
Hiigh current « eo + + © © © © 6 © ©) 60 OS Bp. 
Low current . + «+ + 6+ 6 6 © «© © © © @) 66h Ops 
Test endea@ «6 6+ 6 ee te ee he 8 le) 14 BGe1LS 
Test started «6 6+ 2 6 © © © 0 0 o 8) 1H bd~47 
oe eee awe ee ese «© «© «0 @ » @ » 14486 seconds 
ov, toes eeoeeese 6 » 0 » » » T7060 seconds 
ToeBQervrveveenneneseeoe«easase ce « T4826 seconds 
Brom Zsble IV ¥rom Table ¥ 
ie ,38 Ik # 1,681 @ # £0 
ITe,16 {EH @ 06,8834 4.186 AS = 6,582 
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fempereture Resordings of Central Plate 
end Testing Box 


Temperatures in °C 
Dial et 15° ¢ fel at 20° 


Average 


Time Cold entral| Differ- Cold entral | Differ 
nutes|Junction| Flisete ence Jdunction| Plate ence | 
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dsentifiestion of Eebrices Used in this fork 


Thick-| Ounces | Apparent erate 
ness®| per wd bility? 
Fabric | Deseription Inches| Yerd ft°/min/ft* 
5805 


Cotton sheeting 

Tropical worsted | 3 ) 80.0 
Gotton twill Leek 
Wool dress goods 2 1£6.8 
Wool double cloth | «: whee 


Double loop friese 6 60.0 
Wool pile « 
Gotton back 


Alpeca pile « | £9—d 
Cotton back 


Dynel pile + 75 
Cotton back 


Dynel pile - 
Dynel back 


ae@«1+ & in accordance with ASTK stenderds 
6 + 9 with sere pressure 


b = Gurley permeometer 
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ZABLE Zit 
Gurrent Settings for a Temperature Gredient of 20° ¢ 


pproximate 


Fabric Estimated Central 30 ae “she 
Heat ee A orp er 
HOMO rang o2 ee Un: t 


GeO = 0605 | 1450 ~ 2,10 


0.05 = 0615] 1.00 ~ 1,50 
Oel5 = 0.40 | 0,70 - 1.00 
0240 = 0670 | O20 = 0670 
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The automatic temperature controle heave proved 


vory ecourate, Table I shows « series of readings teken at 
both the fifteen end twenty degree centigrade differentials, 
The average for one hour at the fifteen degree setting was 
in error only 0,008 degree, while the twenty degree setting 
showed en error of 0.04 for an hour, The largest devietion | 
in eny case was Osi degree centigrede for the twenty degree 
setting, This emounts to only 1.6% which, in this ease, is 
not significant. wen if a completes test were conducted 
with a tempersture error of 0.5 degree centigrade, the 
Gemputed cceffieient of heat transfer would only be changed 
by GeO2, Thie is well within the reproducibility of the 
apperatus, One must remember thet these results were 
obteined without o constent temperature in the teet chamber, 
Vhen a new refrigeration unit is inatelled, the tanperature 
eentrol should be even more accurate. It should be noted 
that ony chenge in the testing oabinet temperature requires 
® Gorrespending change in the central plate temperature in | 
omer to koep the seme temperature gradient, The apparatus 


mekes this compensation automatically, but one must remember 
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thet the hent input to the central plate is different when 
it is being kept at e constant temperature than when its 

temperature muet be raised or lowered, It is also believed 
the tempereture control cen be improved by painting the 
eentral plete ami top guerd unit with ea black lacquer. This 
will not give a better contre] for any one test, but will 
give better temperature control ever e period of time due te 


@ more constant emissivity of the hot plete. 

The coefficient of heat trensfer was determined 
for all the fabrics at the twenty degree differential. 

did not permit tests for «11 the febrics at the other 
settings but testa were run at the fifteen degree gradient 
for fabrice 3 and 4, Before the refrigeration unit became 
inoperstive, teats were run at the thirty-five degree 
gredient for febrics 5 end 4 end ales et thirty degrees for 
febric &. The results obteined in ell of the teste are 
ahomm in Table IV. 

The relationship betwoon the ecefficient of heat 
transfer and temperature gradient is shown on Figure IIIs 
The coefficient actually inoreaass somewhat with an increase 
in temperature differential. It meens thet more heat is 


trenemitted por degree centigrade for a greater temperature | 
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This behavior may be due to increased rediction | 
lose but may aleo be affected by conveetion of the air | 
above the febric. One might assume that the procedure of 
‘peporting the ooefflotent of heat transfer as celories/ 
second/meter@/degree sentigrede is not Justified, However, | 
this does reduce the coefficient to an approximate comon 
dDasie for different temperature gradients. However, in 
reporting any results, the tempercture differential used 
should be stated, This would be necessary for any attenpt 
at correlation between different laboratories or 
apperatuses,. For use et Lowell Textile inetitute, it is 
believed the best results will be obteined if a standard 
temperature differential is chosen and all work done with 
this gradient for a comperison of resulta. 

Ae stated previously, theoreticelly, the length 
of time of a toat may be any desired intervel as long a6 it 
govers complete cycles of the high ond low currents, Howe 
ever, in actunl practice, it has been found thet « four-hour 
test gives the best results for febrice tested at a twenty 
degree differential, That is, the four-hour tests seen to 
give the best reproducibility, However, when the sugges- 
tions for future wok are carried through, it may be found 
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thet e much shorter test will give ecourete results, An 
attempt should be mede to reduce the testing time as much as 
possible in order to allow more tests to be conducted in any 
one work cay, A positive stetement can not be mede concerne 
ing the length of time to conduct a test, The deta in 
Table VI is presented in such « manner thet the coefficient | 
ef hest transfer in computed from the originel starting time 
fim each enses That is, the three-hour result inoludes the 
totel time of three hours ond not juet the hour time intere 
Wal between the two end three hour readings, No definite 
trend existe in any of the reaultse In sone cases the 
coefficient of heat trensfer inerenases with eech hour of 
testing while in others it decreases, In still other 
instences, the coefficient ineresses and then decreases 
during a period of four hourey while for other fabrics, the 
yesults show first « decrease and then en inereess. Even 
for a single fabric the coefficient will inerease during e 
test in one instance end decrense in another, No one period 
of ell the testes can be eliminated te give better results. 
Thet is, the Mirst heur results doea not show ae wide verie- 
tion from the remaining houre, nor dees it ecolneide with a 
eoefficient of heat transfer computed for a tro, three, or 
four hour test, 
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A plot of the coefficient of heat trensfor versus 
thicknese of fabric its show in Figure IV, Figure V shovs 
@ plot of coefficient of heet transfer versus apperent 
Gensity, Apparent density was computed from the weight per 
yard end thickness «5 shown in Tebhe Ii, These grephe show 
that the best correletion is between thickness of fabrics 
end heat transfer, This seme fact has been brought out by 
previous studies", For actuel uae, however, the thiciness 
of fabrics will vary with sempression, wear or locetion in 


@ garment. Thus, # cotton blenket may eppeer just as warn 
a8 a wool blanket when tested in » new eondition but, sfter 
six months! use, the effective thickness of the sotten will 
be much lees, due to the higher resilience of the wool, 
Thie testing wes ecnducted witheut pressure on top of the 
fabric but, for such things as cold weather boot insulation, 
® pressure per square inch equal te thet exerted by ea men's 
weight must be used to give results thet are oleser to the 
actual velues found in use, Fressure on the fabric conld 
be preduced by 2 metal plate with a thermocouple to give 
the temperature difference between the hot end cold platese 


T. o. cCinston & S, Beker, Measurement of The Thermal 
frenemission of Textile Fabrics, ASTM Bul.» Nes 162, 
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The ecefficient of heat transfer of 1450, as 
shown in Table VII for fabric 4, was obtained from en 
evernge of five four-hour tests, The reavults varied frem 
ieS8 to 1662 es shown in Table VI, The verlotions may be 
due to the fact thet the temperature of the testing cabinet 


was not controlied, or to Variations in voltege supplisé to 
the contral plate heating coll, If these are not the 
Gauss, @& large member of testa will be required for testing 
@meall differences in materiels. However, it 1a delleved 
thet with the testing cebinet kept at e constant tenpera~ 
ture end « oonstent voltage oupply, the reproducibility 
should be suoh thet mell verlations in therwel tranenit- 
tanee of febrice oan be morsured with e single test on seach 
fedrice 
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SUGGESTIONS FOR EVAURE BORE 


After eo new refrigeration unit hes been installed, 
check the 25, 50, S55, end 40 degree settings of the 
temperature rheostet for any slight inaccuracies. 
Test many more fabrics of verying thicimesses, to 
determine the escuracy of the curves shovn on 
Figures IfI and IV. 

Paint central plate with e black lacquer te give it 
approximately the emieasivity of the humen body, This 
will also prevent chenges in emissivity due te 
oxidation of the sopper plates 

Teat febrice that are alike execpt for color, to 
determine effect of color on thermel transmissions 
feat different layers of the seme fabric. 

Attach a fan inside the test cabinet te determine the 
effect of wind velocity on the fabrics slreedy tested. 
& more constant Voltage supply or use of a watt~-hour 
meter should give better reproducibility of resulta. 
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_ ing of an apparatus for measuring 
the thermal trensmittance of fabrics 
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